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Abstract

The article is devoted to the actual problem of the technogenic load reducing on the environment from heat and power enterprises by introducing
an environmentally friendly technology for solid fuel burning in circulating fluidized bed boilers (CFB). The purpose of the work is to increase the
efficiency of ensuring the environmental safety of combustion processes in circulating fluidized bed power units, which allows minimizing emissions
of man-made components into the atmosphere. The state and prospects of coal fuel burning in a circulating fluidized bed in thermal power plants with
a focus on assessing the environmental efficiency of the process was considered. The latest trends in the development of CFB technology are
summarized and a look at the future regarding the problems and opportunities of this technology was presented. The factors that determine the level
of air pollution by emissions from combined heat and power plants was analyzed, their impact on the environment was considered and the dynamics
of pollutants’ emissions in Ukraine was shown. The main methods of reducing the negative impact of CFB boilers on the environment was
considered. It has been established that the reduction of nitrogen oxide emissions can be reduced by controlling the temperature field of fuel
combustion. The principle of operation and features of circulating fluidized bed boilers, their environmental efficiency compared with the flare
method of fuel burning was considered. The ecological efficiency of the combustion process control in the CFB boilers was estimated using the real
object’s example. It has been determined that the provided technical solutions and environmental protection measures will reduce the gross emissions
of pollutants into the atmosphere by 6370.9 tons, which will significantly reduce the load on the air basin and improve the environmental situation in

the zone of its influence.
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1. Problem statement and analysis of the recent
researches and publications.

Nowadays, combined heat and power plants (CHPP)
are the most common electricity producers. They also
belong to objects with increased environmental hazards.
Large amount of oxides of sulfur and nitrogen, fine solid
particles of ash, slag, and completely unburned fuel is
emitted from the pipes of CHPP into the atmosphere.

Radioactive contamination of the earth’s surface and
atmosphere is caused by the burning of coal and waste
rock, which contains radioactive elements. In this case,
radioactive contamination can far exceed the possible
radioactive contamination during the operation of
nuclear power plants [1-4]. The isotopes of the uranium-
radium and thorium families, which are contained in the
starting coal, remain almost completely in the ash and
fly ash after burning.

The uses of cleaning devices [5-8] significantly
reduce the level of environmental pollution. However,
this approach does not completely solve the problem.
The functioning of the cleaning devices is accompanied
by additional waste formation [9].

Clean coal technologies are a particularly important
option for reducing emissions of harmful fossil fuels.
Such an approach is a cost-effective option in develop-
ing countries where coal is readily available [10-11].

In some countries with large coal reserves, for
example in Kazakhstan, Turkey, India [12-14], there is a
need to move to a new technological level with the
introduction of new energy technologies of coal burning.
Ukraine also has large reserves of this fossil fuel and

needs to introduce new environmentally friendly technolo-
gies for its combustion. Thus, in Ukraine the Energy
Strategy for the period up to 2035 «Safety, energy
efficiency, competitiveness» was developed and approved
in 2017.

Conventional combustion of fuel at power plants
causes the gases release which contains liquid droplets and
solid particles. This mixture is removed from power plants
in a controlled way through chimneys. The main
pollutants emitted from the chimneys of CHPP are:

—sulfur dioxide (SO2): coal power plants are
responsible for health population. They contribute to the
small particles formation that can penetrate in the human
lungs and be absorbed by the bloodstream. SO, causes
acid rain, which oxidizes lakes and rivers, and also
damages crops, forests and soils [15];

—nitrogen oxides (NOx): cause ozone or smog on the
ground level, which can burn lung tissue, aggravate
asthma and make people more susceptible to chronic
respiratory diseases [15, 16];

—solid particles: soot or fly ash can cause chronic
bronchitis, aggravated asthma, and even lead to fatal
consequences;

—mercury: toxic heavy metal causes brain damage and
heart problems;

— other harmful pollutants: lead, cadmium and other
toxic heavy metals, hydrocarbons, volatile organic
compounds, arsenic and also carbon monoxide, which
causes headaches and creates additional stress for people
with heart disease [17, 18].
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Various amounts of pollutants are released into the
atmosphere by burning different types of fossil fuels.
The impact of CHPP on the environment depends on the
type of fuel [19]. Table 1 shows the temperature char-
acteristics of coals and table 2 shows the average
emissions from coal combustion.

Table 1 — Thermal characteristics of coals [20]

Ignition Volatile initial release
Coal type ten?perature temperature
Lignite 250 — 450 130-170
Bituminous coal 400 — 500 200 - 300
Anthracite 700 - 800 380 - 400

Table 2 — Average emissions from coal
combustion, g/GJ [20]

Pollutant Anthracite Lignite
CO; 94,600 101,000
SO, 765 1,361
NOx 292 183
co 89.1 89.1
Particular matter 1,203 3,254

Pollutants emmision,

thousand tons

ISSN 2522-1892

Figures 1 and 2 show the dynamics of major
pollutants’ emission in Ukraine by stationary sources.

Air pollution level is determined by the impurities
concentration in the air surface layer and depends on
technological factors: gas-air mixture flow rate and its
temperature; impurities concentration in the emissions;
sources height; pipe mouth cross section, etc.

Meteorological factors include: emission source
location; prevailing winds direction and their speed,
temperature and atmospheric air humidity; presence of
inversion, fog, precipitation and etc.

The coal-fired power plants influence on the
microclimate formation is determined by:

— air basin and water bodies thermal pollution;

—atmosphere chemical pollution (flue gas emissions).

The air basin chemical and thermal pollution is caused
by a change in the microclimate in zone of Sumy CHPP
influence. Such a microclimate change is due to the energy
production specifics, accompanied by powerful and active
flue gases emissions into the atmosphere.
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Figure 1 — Pollutants emission by stationary sources [21]
CO; emmision,
thousand tons
250000
200000 /’\/k
150000 — \\/\
100000
50000
0 Years

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Oxides of sulfur, nitrogen, carbon, and solid particles
(ash shale) are the priority atmospheric air pollutants,
which are contained in the combustion products of
organic solid fuel (anthracite) on Sumy CHPP.

The high temperature in the flame core, which is
necessary for burning coal with liquid slag removal,
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Figure 2 — CO, emission by stationary sources [21]

causes a high concentration of NOx emissions. The high
sulfur content in the fuel causes high SO, concentrations
in the emissions. Environmental problems in cleaning the
air from oxides of sulfur and nitrogen remain unresolved.
Wet flue gas cleaning allows capturing only up to 2.5 %
sulfur dioxide from the total content.
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Sumy CHPP has prepared a feasibility study for the
reconstruction with the installation of a new power unit
with a capacity of 60 MW. The increase in power
capacity is determined by the energy deficit in the
region, which is covered by only 60-70%. The
increase in power entails an increase in the load on the
atmosphere during the combustion of solid fuels.
However, the installation of the CFB boiler will provide
high environmental performance on emissions into the
atmosphere without installing additional equipment for
cleaning flue gases.

The total expected reduction of pollutants emissions
into the atmosphere will be 6370.9 tons/year. This
emissions reduction should be considered as a positive
factor in terms of the impact on the microclimate in the
area of the CHPP.

Mandatory conditions for the admissibility of the
reconstruction of process equipment and operation of the
Sumy CHPP:

— compliance with atmospheric air environmental
safety standards, which exclude a negative impact on the
environment;

— compliance with standards for pollutants maximum
permissible emissions.

The maximum permissible concentration (MPC) of
pollutants in atmospheric air are the main criteria for
assessing atmospheric air quality in determining the
level of direct negative emissions impact. The main
condition that must be met for each pollutant emitted
into the atmosphere:

C
—m <1, (1)
MPC

where C,, — the maximum calculated surface pollut-

ant concentration in the air, mg/m?; MPC — the one-
time maximum permissible concentration, mg/m?.

In accordance with the promising areas of the
Energy Strategy, environmentally friendly coal
generation should be developed through the introduc-
tion of such parameters:

— power units with supercritical steam parameters
with an efficiency of 46 — 55 %, when burning high-
quality and high-calorific coal by the flare method,;

— power units with supercritical steam parameters,
equipped with circulating fluidized bed boilers (CFB).

Four main ways to reduce emissions have been
proposed for CHPP: fuel replacement or its enrichment;
coal washing; burning coal in a fluidized bed; use of
scrubbers, filters [22].

Fuel replacement must be carried out taking into
account the fact that there are grades of coal with low
sulfur content. However, the transition to them depends
on economic factors. Some types of low-sulfur coal
have a lower heat value. Switching to this coal type
may not bring a significant reduction in emissions.
Sulfur dioxide emissions can be reduced not only by
using expensive low-sulfur coal but with cleaning coal
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from sulfur before burning. The action of gas-cleaning
units of different design is based on the dioxide chemical
reactions. Chemical reaction products can either be
discarded as waste or used as a product. Today, the use
of scrubbers is a common technology.

2. Statement of the problem and its solution.

The research aim is to study the environmental
efficiency of combustion control in circulating fluidized
bed boilers.

Applying any methods to emissions clean up is a
solution of the problem, but not a preventive method. A
promising option to prevent pollution is coal burning in
circulating fluidized bed boilers [9].

2.1. Materials and methods.

Computer simulation of the turbulent combustion
process in the CFB makes it possible to fully calculate the
temperature field and ensures the elimination of
technogenic components’ emissions into the atmosphere.

The considered chemical processes occurring in the
combustion zone are described by a system of nonlinear
differential equations. An effective method of theoretical
research is numerical simulation with a computational
experiment.

The computational experiment was performed with the
ANSYS Fluent application package using the example of
a real energy model.

To describe the movement of the fuel component in
the combustion zone, a system of differential equations
was used, including the law of conservation of mass,
momentum, energy and the law of conservation of the
substances’ components:

dp 9(puj)
*_— 2)
ot oXj
. TR ot s
o(pu;) _ o(pu;v;) +J+@+Pfi1 ©)
ot aXJ 6X] 8Xi
0 0 0Q; Op
—(ph)=———(pu,h) =L+ —+
oe M= P 5
4)
o ,
+ui—+rij—+Sq,
6xi aXi

0 0 i
—(pCg) =——(pCpU;) ——"-+Ryg, 5
8t(p B) aXi(p;s.) ox, T ©)
where p — density; t—time; u; j —velocity; p—pressure; t—
stress tensor; f; —bulk forces; x; j —coordinate; Cg —mass
concentration; h—enthalpy; J; —diffusion flow; Rg —source
of substance.
The fields of concentrations of combustion products
(CO, CO,, NO, NO;, SO;) during the combustion of a
monodisperse coal mass were obtained based on the

solution of the system of equations by a numerical
method.
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2.2. Results and discussion.

2.2.1. The operation principle of boilers with CFB
and their effectiveness evaluation. Unlike the fixed
bed, the presence of fine particulates matter in the fuel
is not critical to the organization of the combustion
process in a fluidized bed, they do not significantly
reduce its effectiveness. The fact is that fine
particulates matter (less than 0.5 mm in size) removed
from a layer are not returned. Since the temperature in
the overlayer space is lower than in the main layer, the
combustion of fine particulates matter stops. Trapping
fine particulates matter and returning them to
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afterburning in the layer are ineffective because the
efficiency of trapping cyclones for dust particles does not
exceed 70 %. A qualitative leap occurred when the fuel
began to be crushed to a size of 0 — 3 mm and below, and
the gas velocity to the living section of the firebox was
increased to 5 — 7 m/s. It turned out that under conditions
when a powerful stream of particles of 0.1 —1mm in
size is removed from the layer, the overall efficiency of
the cyclone rises to 99 % or more due to the fact that
well-caught particles of the specified size carry along
smaller ones. So a circulating fluidized bed furnace were
created (figure 3).

| 3

Figure 3 — Schematic representation of a coal-fired CFB plant [23]:

1 — coal bunker; 2 — limestone bunker; 3 — coal crusher; 4 — CFB combustor; 5 — cyclone; 6 — convective pass; 7 — air
pre-heater; 8 — electrostatic filter; 9 — chimney; 10 — fluid bed heat exchanger; 11 — turbo-generator; 12 — district
heating; 13 — primary air; 14 — secondary air; 15 — bottom ash; 16 — fluid bed heat exchanger air; 17 — blowers;

18 — feed water; 19 — drum

The principal difference is that a cyclone is installed
behind the furnace, in which all unburned particles are
captured and returned to the furnace. Thus, the particles
are «locked» in the closed system «furnace — cyclone —
furnace» until they are completely burned out. Such
boilers are almost as efficient as chamber furnaces,
while retaining all the environmental advantages.

Circulating fluidized bed furnaces have a higher
degree of fuel burnout (approximately 98 —99 %
versus 90 — 95 % for stationary fluidized bed boilers)
and can be operated with a lower air excess factor.

Serious research with the purpose of applied use of
CFB technology originates from the beginning to the
middle of the 1970s, and the first energy CFB boiler
was built in Finland in 1979. Currently, the main
developers of combustion technologies in the boilers
with CFB are Foster Wheeler, Babcock & Wilcox and
others.

The requirements for the fuel quality at the CFB are
no more stringent than that of the fluidized bed, and the
efficiency of fuel burning, including those containing
small particles, is much higher. Environmental
indicators are also better: in terms of sulfur binding —
due to a longer retention of limestone in the furnace,
and on nitrogen oxides emissions — due to the organiza-
tion of a reduction zone between the primary and
secondary air inlets.

In addition, CFB furnaces have much smaller scale
limitations, therefore they can be used not only in small
steam and hot water boilers, as furnaces with a fixed

and fluidized bed, but also in boilers of large power
plants’ units with an electrical capacity of 300 MW and
more. It should be noted that, in terms of ash content,
sludge wastes with ash content up to 60 %, which are
currently accumulated up to 150 million tons or about
70 million tons of fuel equivalent, are suitable for
burning in boilers with CFB. Their utilization would not
only expand the fuel base of thermal energy without
significant capital investment, but also solve a lot of
environmental problems associated with the recultivation
of areas occupied by sludge-storages. A necessary
condition for the incineration of high-ash sludge in the
CFB is its agglomeration, which is provided during
drying due to the natural clay component.

Circulating fluidized bed combustion provides low
emissions. One of his main advantages is the ability to
effectively capture sulfur dioxide (SO,) by feeding
limestone into the layer.

CaCO; + SO, — CaS04 + COy;
CaO + SO, — CaSOsg;
2CaS0; + Oy — 2CaSO0..

Calcium sulfide is poorly soluble in water
(0.136 g/L). It quickly supersaturates solution and falls in
the form of small crystals during the cleaning process.

The conditions in the fluidized bed furnace are very
suitable for the absorption process organization.
Therefore, sulfur is captured much more efficiently in a
fluidized bed than when lime is injected into a furnace
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with pulverized coal. The combustion of fuels using
this technology does not cause the formation of
«thermal» NOx from air nitrogen (i.e. it is practically
absent). In addition, the NOx level is reduced by a
stepwise supply of air. Moreover, the formation of
nitrogen oxides does not occur in the CFB, because
fuel burns in a temperature mode of 850 — 900 °C.

Thus, the main advantages of the CFB technology
are:

—the possibility of efficient combustion of low-
calorie, high-ash fuels, which is determined by a stable
temperature in the furnace, low carbon content in the
layer and a long residence time of the coke-ash residue
in the reaction zone;

—the ability to effectively bind sulfur by a
relatively cheap method of feeding limestone;

— low emissions of nitrogen oxides (less than 200 —
300 mg/m®) without the use of special means of
nitrogen treatment;

— the possibility of burning fuels of different quality
in the same hoiler, a simplified scheme of fuel
preparation, good dynamic characteristics, quick start
from the «hot» state;

— compactness of the boiler plant due to the lack of
means of sulfur and nitrogen treatment, which allows
to place the boiler with the CFB in the existing boiler
cells.

2.2.2. Evaluation of the technology's
environmental efficiency. Evaluation of the CHPP
impact after the introduction of the CFB technology. In
connection with the implementation of new design
solutions, a significant reduction of pollutants
emissions into the atmosphere (table 3) is expected due
to the replacement of existing boilers by boilers with
environmentally friendly technology of burning solid
fuel in a circulating fluidized bed with the ability to
control the temperature field and installing high-
performance electrostatic precipitators.

Table 3 — Expected reduction of pollutant emissions
after the CHPP reconstruction

Pollutants gross emissions, tons/year

after . .
Pollutant the status emission | emission
reconstruc- - -
quo tion reduction | increase

Nitrogen oxides, NOx 528.7 259.2 269.5 -

Sulphur dioxide, SO, 3830.4 1174.9 2655.5

287.0

Carbon monoxide, CO 71.3 358.3 -
Particullar matter 4591.1 858.2 3732.9 —
Total: 9021.5 2650.6 6657.9 287.0

The concentration of carbon monoxide in
circulating fluidized bed boilers is higher than with the
flare method of burning solid fuels, by maintaining the
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optimum excess air at 1.25. This leads to an increase of
carbon monoxide emissions after the reconstruction of
CHPP and the necessity to apply an additional method of
cleaning.

The provided technical solutions and environmental
protection measures will reduce the total emissions of
pollutants into the atmosphere generally by 6370.9 tons,
which is 70.6 %. This will improve the environmental
situation in the zone of influence of Sumy CHPP.

Conclusion.

The use of any methods for emissions cleaning up at
power plants is a problem solution, but not a preventive
method. A promising option to prevent pollution is coal
burning in circulating fluidized bed boilers.

As a result of the research, the ecological efficiency
of combustion control in boilers with CFB was
established, it will allow to reduce the technogenic load
on the air basin in the zone of influence of the Sumy
CHPP. This is due to the following advantages of the
CFB: compatible with fuels wide range; low level of
pollution with sulfur oxides (due to its binding with
limestone) and nitrogen (due to the boiler operation at
lower temperatures — in the range of 850 — 900 °C, when
NOx is not formed); high combustion efficiency; ease of
maintenance.

Construction of a new boiler with an environmentally
friendly technology of burning solid fuel in a circulating
fluidized bed with a controlled temperature field will
significantly reduce air pollution in the zone of influence
of CHPP, compared with the existing situation, and
ensure compliance with sanitary standards for
atmospheric air quality. The calculation has showed that
the new technical solutions will reduce the emissions to
the atmosphere of the Sumy CHPP by 6370.9 tons per
year, which is 70.6 % less than the current emissions.

The maximum surface concentrations of pollutants
will not exceed the maximum allowable concentrations
for all ingredients and possible summing effects.

Thus, in Ukraine and other countries circulating
fluidized bed technology can play an important role in
the effective use of the enormous potential of available
coal reserves, including lignite, for the production of
relatively clean energy.
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€. Baranbues, JI. ILisnyk, I. Adueesa, J1. I'ypeus, O. M’sikaen

EKOJIOTTYHA E®EKTUBHICTb YIPABJIIHHSI MMPOLECOM T'OPIHHA B KOTJIAX I3 IHIUPKYJIIOIOYUM KHUILISTYUM
IHAPOM

CTaTTs NPUCBSYCHA AKTyalbHiil MPOONEMi 3MEHIICHHS TEXHOTCHHOTO HABAHTAKCHHSA HA HABKOJMIIHE CEPEJOBHUINE BiJ| TEMJIOCHEPreTHYHHX
i ANPUEMCTB IIUIIXOM BIPOBAIKCHHS EKOJIOTIYHO YMCTOI TEXHOJOTII CrasioBaHHS TBEPJOro MajiBa B KOTIAX i3 HUPKYJIIOIOYMM KHILULTYHM IIAPOM
(LIKIL). Meroro mocnijKeHHs € MiIBUIIEHHS e(EKTHBHOCTI 3a0e3leueHHs EKOJIOTiYHOi Oe3IeKH NpoleciB TOpiHHSA B CHEPreTMYHHX arperarax i3
LUPKYJIIOIOYUM KHIUITYMM IApOM, SIKMI JI03BOJISIE MIHIMI3yBaTH BHKHIM TEXHOI'€HHHMX KOMIIOHEHTIB B aTMoc(epy. Po3risHyTo cTaH i nepcrnekTuBU
CMNAJIOBaHHSA BYTrUIBHOIO MajuBa B LUPKYMoio4YoMy kumpsgoMy mapi (LIKII) Ha TeruioBMX eNEKTPOCTAaHIIsIX 3 aKIEHTOM Ha OLIHKY €KOJOTri4HOi
edextuBHOCTI mpouecy. Koporko BuknageHi ocraHHi TeHaeHuii po3sutky texHosorii LKL i momano moryisx Ha MaiOyTHe miono mpoGneM i
MOXJIMBOCTEHN AaHoi TexHouorii. [IpoanaizoBaHo (akTopH, 110 BU3HAYAIOTH PiBeHb 3a0pyaHeHHs atMocdepy Bukugamu TEL, po3risHyTo iX BIUIMB Ha
HABKOJIMIIHE NPUPOJIHE CEPEIOBUILE Ta IOKA3aHa JMHAMIKa BUKUAIB 3a0pY/IHIOIOUMX PEUYOBMH B YKpaiHi. PO3IIISIHYTO OCHOBHI METOAM 3MEHIICHHS
HeratuHoro BBy TELL Ha HaBKONHIIHE NPUPOJHE CepeoBHIIe. BCTaHOBICHO, 0 3MEHIICHHS BUKHIIB OKCHAIB a30TY MOKHA 3MCHILINTH ILIIXOM
YIpPaBIIiHHS TEMIEPATYPHUM I10JI€M TOPiHHS MaiMBa. Po3risHyTO HpHHLIMI POOOTH Ta OCOOIMBOCTI KOTJIB 3 LUPKYJIIOIOYMM KUIUITYMM IIAPOM, IX
eKoJIoriyHa e()eKTHBHICTb, Y MOPIBHSHHI 3 (haKeIbHUM CIIOCOOOM CIIaliOBaHHs naauBa. [IpoBeseHo OLiHIOBaHHS €KOJIOTiYHOI e(peKTUBHOCTI yIpaBIiHHS
npouecoM ropinns B koriaax LIKII Ha mpuxiani peanbHoro o6’exta. BeraHoBieHo, 1o nepeadadeHi TeXHIYHI PIllIeHHS Ta MPUPOAOOXOPOHHI 3aX0AU
JIO3BOJIATh CKOPOTHTH BAJIOBI BUKU/IM 3a0pYIHIOIOUNX pedoBHH y aTMocdepy Ha 6370,9 T, 1110 3HaYHO 3HU3UTh HABAHTAXKEHHS HA TOBITPSHUNA OaceiiH i
MOJIMIINTH €KOJIOTIYHY CUTYALiO B 30Hi 11 BIIUBY.

Ku11040Bi cJ10Ba: TEIUIOBI €IEKTPOCTAHILIT; TOPIHHS BYTiUIs; 3a0pyJHEHHS MOBITPS; LUPKYJIFOIOYN I KUIUITYHA 11ap.
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E. Baraasues, JI. ILianyk, U. Adieesa, JI. I'ypeu, A. MsikaeB

9KOJIOTUYECKAS 3®PEKTUBHOCTDL YIIPABJIEHUS ITPOLIECCOM TI'OPEHUSI B KOTJIAX C HNUPKYJIUPYIOLIUM
KUIISAIIUM CJIOEM

CraThbsl NOCBSIIIEHA AKTyaJIbHOW MPOOIeMe YMEHBIICHHSI TEXHOICHHOW HAarpy3KH Ha OKPYKAIOIIYI0 CPeLy OT TEIIOIHEPreTHYECKUX MPEAPUSITHIL
IIyTeM BHEAPEHHs] DKOJOTMUYECKU YHCTON TEXHOJNOTHU CXKUTAHMS TBEPAOrO TOIUIMBA B KOTIAX ¢ LUpKymupyronmM kumsinmm cnoeMm (LIKC). Lensio
HCCIIeJOBAHNUSI SIBISIETCS TIOBBILCHNE 3P (HEKTUBHOCTH 00ECIICUCHHS IKOIOINYECKON 0e30MacHOCTH MPOLECCOB TOPEHHST B 9HEPreTUYECKUX arperarax ¢
Lll/lpKyJ'll/lpy}OLLLl/lM KHUITAIMM  CJIOEM, KOTOprﬁ ITO3BOJISICT Ml/lHl/lMl/lSl/lpoBaTb Bblﬁpocbl TEXHOT€HHbIX KOMIIOHCHTOB B aTMOC(pepy. PaCCMOTpCHO
CyLL[CCTBy}OLLlCC COCTOSIHHUE H l'lepCl'leKTl/lel CXKUTaHUS yl"OJ'll)HOl"O TOIJIMBA B Lll/lpKyJ'll/lpy}OLLleM KHITAIEM CJIO€ Ha TEMJIOBBIX 3J'ICK’T‘pOCTaHLLMﬂX C
AKIIEHTOM Ha OLIEHKY 3KOJIornueckoit s¢dexTuBHocTH mporecca. KpaTtko u3noxeHsl nocneHue TeHeHmn pa3sutus texnonoruu LIKC u naH B3risaa Ha
Oyayliee B OTHOLICHHHM IPOGIEM M BO3MOXKHOCTEH MaHHOI TexHomoruu. llpoaHanm3upoBaHbl (akTOpbl, OMPENETAIONINE YPOBEHBb 3arps3HEHHs
aTMocheps! Beiopocamu TOLI, paccMOTPEHO HX BIHSHUE Ha OKPY)KAIOIIYIO Cpey U MMOKa3aHa AMHAMHKA BBIOPOCOB 3arpsA3HSIOMX BEIIECTB B YKpanHe.
PaccMOTpeHBl OCHOBHbBIE METO/Ibl CHMKEHMSI HETaTHMBHOIO BO3JCHCTBUS NpPEINpPUATHIl TEMIO’HEPreTHKH Ha OKPY)KAIOIIYI0 MPHPOIHYIO Cpemy.
VYCTaHOBNIEHO, YTO YMEHBIIEHHE BBIOPOCOB OKCHJIOB a30Ta MOXKHO YMEHBUINTh ITyTEM YNpPaBJICHUs] TEMIIEPAaTypHBIM II0OJEM TIOPEHHs TOIUIMBA.
PaccMoTpeH mpHHIMIT pabOTHI U OCOOCHHOCTH SHEPreTHYECKHUX arperatoB ¢ HHPKYIMPYIOIMM KHUITSIIHM CIIOEM, X 3KoJorudeckas 3((heKTHBHOCTb, 110
CpaBHEHHIO ¢ (haKeIbHBIM CIIOCOOOM CXUraHus ToruMea. OLeHeHa 3Kojoruueckas 3G (GeKTUBHOCT ypaBieHus npoueccom ropenus B kornax LIKC Ha
IIPHMEpPE PeanbHOro 00BEKTa. YCTaHOBJIEHO, YTO MPETyCMOTPEHHbIE TEXHHYECKHE PEIICHUs] U IIPHPOJI00XPAaHHbIE MEPOIPUATHS TO3BOJIAT COKPATHTh
BaJIOBBIE BBIOPOCHI 3arpsi3HSIOIIMX BellecTB B atMmocdepy Ha 6370,9 T, 4TO 3HAYMTENBHO CHM3UT HArpy3Ky Ha BO3AYLIHBIH OacceiH W yIydmuT
9KOJIOTMYECKYIO CUTYAIUIO B 30HE €€ BIUSIHHUA.
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Scientific and technical journal «Technogenic and Ecological Safety», 5(1/2019) 61



